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Description 

PROCESS FOR PRE-TREATING AND 
DESALINATING SEA WATER 

Background of Invention 

[0001] This invention relates to a process for pre-treating sea 
water so that it can be more effectively desalinated. In 
particular, it relates to a process in which certain com- 
pounds are added to sea water, which results in the pre- 
cipitation of salts from the sea water, followed by desali- 
nation of the treated water. 

[0002] As populations increase across the world, the supply of 
fresh water is not increasing as rapidly. This has resulted 
in local and national conflicts over water rights. 

[0003] About 70 percent of the world's population lives within 50 
miles of the sea and the sea could provide an almost in- 
exhaustible source of fresh water if it could be inexpen- 
sively desalinated. The two principal processes for desali- 
nating sea water are reverse osmosis and flash evapora- 
tion. 



[0004] | n reverse osmosis, the sea water is forced through mem- 
branes, which prevent most of the salts in the sea water 
from passing. In flash evaporation, the sea water is heated 
in special coils and evaporated water is condensed, leav- 
ing behind the salts. In both processes, only about 30 to 
40% of the water is recovered and the remaining water, in 
which the salts are more highly concentrated, is dumped 
back into the sea, which can adverse affect marine life. 

[0005] 

Summary of Invention 

[0006] | have invented a process in which water containing dis- 
solved salts is treated so that when the treated water is 
desalinated a higher percentage of fresh water can be re- 
covered from it. In the process of this invention, certain 
compounds are added to the sea water, which results in 
the precipitation of some of the salts. The treated sea wa- 
ter has a lower salt concentration than did the original sea 
water and different salts are present in it. As a result, 
when the treated sea water is desalinated using reverse 
osmosis, flash evaporation, or another process, more 
fresh water is recovered. 

[0007] Because salts such as calcium and magnesium bicarbon- 



ates and sulfates are removed in the pre-treatment pro- 
cess of this invention, the water can be heated to higher 
temperatures when it is desalinated in a flash evaporation 
process. Currently, temperatures above about 70°C may 
result in the precipitation of salts in these processes, but 
since the pre-treatment process removes some of these 
salts, temperatures in excess of 70°C can now be used, 
which reduces maintenance and extends the life of the 
equipment. When the water is desalinated using reverse 
osmosis after the pre-treatment process of this invention, 
there is less maintenance of the membranes and the life 
of the equipment is extended. 
[0008] The compounds used in the process of this invention are 
safe and biodegradable and the sea water rejected in the 
desalination process causes less ecological damage when 
disposed of. 

[0009] The solids that are precipitated from the sea water in the 
process of this invention are valuable minerals and can be 
used in industrial and agricultural processes or they can 
be added to distilled water to make it suitable for drink- 
ing. 

Brief Description of Drawings 
[0010] Figure 1 is a flow chart illustrating a process according to 



this invention. 

[0011] Figure 2 is a flow chart illustrating an alternative process 

according to this invention where recycling is used. 
Detailed Description 

[0012] The pre-treatment process of this invention is applicable 
to any aqueous solution of salts, such as sea water 
(including ocean water), brackish water (i.e., water con- 
taining a lower concentration of salts than sea water), or 
industrial brine solutions (such as from oil or gas drilling 
or from underground wells). It is particularly applicable to 
solutions containing dissolved calcium sulfate, calcium 
chloride, magnesium sulfate, magnesium chloride, sodium 
carbonate, sodium chloride, sodium sulfate, and calcium 
carbonate. For example, the process may be used to treat 
water containing about 0.1 to about 60 g/L calcium, about 
0.1 to about 60 g/L magnesium, about 0.1 to about 60 g/ 
L potassium, about 0.1 to about 60 g/L sodium, about 0.1 
to about 60 g/L bicarbonate, about 0.1 to about 60 g/L 
carbonate, about 0.1 to about 60 g/L chlorine, and about 
0.1 to about 60 g/L sulfate. The composition of sea water 
differs somewhat depending on its location. In the major 
ocean basins, 3.5% of the weight of sea water is, on aver- 
age, dissolved salts and 96.5% is water, so that typically 1 



kg sample of sea water contains 35 grams of salt. Thus, 
the average ocean salinity is approximately 35 parts per 
thousand. The salinity of ocean surface water is associ- 
ated with latitude. Salinity can range from 15 parts per 
thousand in some coastal areas with high precipitation 
and river inflow, to well above 42 parts per thousand in 
some landlocked seas with high evaporation and low 
freshwater input. For example, the typical sea water inter- 
national standard from Wormly, England contains about 
0.4 g/L calcium, about 1.3 g/L magnesium, about 0.38 g/ 
L potassium, about 10.7 g/L sodium, about 0.12 g/L bi- 
carbonate, less than 0.002 g/L carbonate, about 19.4 g/L 
chloride, and about 2.7 g/L sulfate. 
[0013] The water to be treated may be filtered first to remove 
sediment, marine life, and other solids. A compound se- 
lected from sodium hydroxide, sodium carbonate, sodium 
silicate, potassium hydroxide, potassium carbonate, cal- 
cium oxide, calcium hydroxide, calcium carbonate, alu- 
minum hydroxide, aluminum sulfate, aluminum potassium 
sulfate, or a mixture thereof is mixed into the water. The 
preferred compounds are sodium hydroxide, sodium car- 
bonate, calcium oxide, calcium hydroxide, and mixtures 
thereof. These compounds may be added as solids or, if it 



is more convenient, an aqueous solution of the com- 
pounds can be prepared and the solution can be added. 
The total amount of the compounds used may be about 
0.1 to about 60% by weight (or by volume); less may not 
be effective and more may not dissolve. The preferred 
amount is about 0.2 to about 40% by weight (or by vol- 
ume). 

[0014] shortly after the compounds are mixed into the water a 
white or brownish white precipitate will form and settle 
out. Depending upon the compound(s) added, the compo- 
sition of the water, and other factors, the precipitate may 
consist of mixtures of calcium sulfate, calcium chloride, 
magnesium sulfate, magnesium chloride, sodium bicar- 
bonate, sodium chloride, and other salts. The precipitate 
can be separated from the water by decantation followed 
by filtration, or any other suitable means. 

[0015] The remaining treated water typically has a lower concen- 
tration of divalent cations, such as calcium and magne- 
sium, and certain anions, such as bicarbonate, chloride, 
and sulfate, but a has a higher concentration of monova- 
lent cations, such as sodium and potassium, and the car- 
bonate anion. Thus, the pre-treatment not only removes 
salts from the water and reduces its salinity, it also sub- 



stitutes monovalent cations for divalent cations. At this 
stage, the salinity of the original water may be reduced by 
about 20 to about 80 % and its pH may be between about 
8 and about 14. 

[0016] For treating sea water, it is preferable to perform the pre- 
treatment using two separate additions of the compounds 
because that procedure removes more of the dissolved 
salts than does a single addition. In the first addition, 
about 0.04 to about 40 g/L of calcium oxide (quick lime) 
is added to the water. The calcium oxide reacts exother- 
mically with the water to form calcium hydroxide. Alterna- 
tively, calcium hydroxide (slaked lime) can be added di- 
rectly to the water, but it is preferably to use calcium ox- 
ide as more of the calcium hydroxide dissolves when it is 
formed by the reaction of calcium oxide with water. The 
preferred amount of calcium oxide is about 0.07 to about 
30 g/L. This first addition results in the formation of a 
precipitate which is primarily calcium sulfate. It also raises 
the pH of the sea water from about 7.0 to about 8.5. The 
precipitate may be removed by decantation and/or filtra- 
tion and the Clearwater is used in the second addition. 

[0017] | n t he second addition, of about 0.1 to about 60 g/L of 
sodium carbonate and about 0.04 to about 40 g/L of 



sodium hydroxide are added. The preferred amount is 
about 0.12 to about 50 g/L of sodium carbonate and 
about 0.9 to about 34 g/L of sodium hydroxide. The com- 
pounds may be added either as a mixture or sequentially 
but it is preferably to add them as a mixture or simultane- 
ously. The compounds may be added as dry solids or as 
concentrated liquids. Both sodium hydroxide and sodium 
carbonate are needed to increase the precipitation of cal- 
cium, magnesium, and iron (ferrous or ferric) as hydrox- 
ides and carbonates. The addition results in the formation 
of a white gelatinous precipitate which is primarily mag- 
nesium hydroxide, but may also contain some chlorides 
and other salts. The precipitate may be separated from 
the water by decantation and/or filtration. 

[0018] The resulting clear water may have a mineral content less 
than 14,000 ppm (parts per million by weight), which is 
close to that of brackish seawater. 

[0019] The pre-treatment can be performed as a continuous pro- 
cess or as a batch process. In a continuous process, the 
compounds are metered into the water, either in solution 
or as solids. In a batch process, the water is placed in a 
large container and the appropriate amounts of the com- 
pounds are added, usually as solids. 



[0020] The pH of the pre-treated water may be in the range of 

about 8 to about 14. In order to reduce damage to the de- 
salinating equipment, it may be preferable to reduce the 
pH of the water before desalinating it, though the pH re- 
duction may also be performed after desalination. The pH 
can be lowered by the addition of an acid and the pH can 
be monitored during the addition of the acid to arrive at 
the desired pH, which is typically between about 6.5 and 
about 8.5. Acids suitable for this purpose include hy- 
drochloric acid, sulfuric acid, acetic acid, and citric acid, 
though other acids may be used as well. The preferred 
acid is hydrochloric acid because the components of this 
acid exist in sea water. 

[0021] After the pre-treatment, the water is desalinated to fur- 
ther remove salts therefrom. This can be accomplished by 
a variety of different methods, but the preferred methods 
are reverse osmosis, flash evaporation, or combinations 
thereof because these methods are effective and less ex- 
pensive than other desalination methods. After desalina- 
tion, the water should have a dissolved mineral (salt) con- 
tent of less than about 500 ppm. The process of this in- 
vention may recover about 30 to about 80% of the water 
treated. The remaining water can be used in the synthesis 



of alkaline sodium -based compounds or it can be re- 
turned to the ocean. 

[0022] Figure 1 illustrates the process of this invention. In Figure 
1, sea water (A) is mixed with the compounds as herein- 
above described to produce processed filtered sea water 
(C) and a flocculated residue (D). The processed filtered 
sea water is then desalinated using a multiple flash sys- 
tem (E), reverse osmosis (F), or another process (G) to 
produce good potable water (E-l) and concentrated left 
over sea water (E-2). 

[0023] Some of the compounds added in the pretreatment may 
remain in the water after it has been desalinated, espe- 
cially if an excess amount of the compounds was added. 
As a result, the water remaining after desalination may 
still contain compounds that were added during the our 
pre-treatment process. It is advantageous to recycle this 
water to make use of those compounds. Also, returning 
the water to the ocean may damage marine life. And, it 
the water was desalinated using flash evaporation, its heat 
can be recovered during recycling. Figure 2 illustrates the 
recycling process. In Figure 2, the water to be recycled 
(E-2) is added to fresh sea water and the mixture is 
treated as in Figure 1, which produces a flocculated pre- 



cipitate (E-4) and processed filtered sea water (E-3). The 
processed filtered sea water (E-3) is then desalinated, as 
by a multiple flash system (E-5), to produce good potable 
water (E-6) and left over concentrated sea water (E-7), 
which can again be recycled any number of times. If the 
concentration of the compounds in the mixture of the re- 
cycled water and the fresh sea water is not within the 
hereinabove-specified range, additional compounds 
should be added to the mixture to bring their concentra- 
tion within that range. Water that is no longer recycled can 
be used in various other processes, such as manufactur- 
ing chlorine and caustic from its brine content using a 
membrane electrolytic cell. 
[0024] -rh e following example further illustrates this invention. 

[0025] EXAMPLEA 2000 ml beaker was filled with 1000 ml of sea 
water at room temperature (28°C). To the sea water was 
added 2.8 g calcium oxide. After stirring for 1 to 5 min- 
utes, the mixture was permitted to settle overnight. A 
white precipitate of calcium sulfate and calcium hydroxide 
formed. The clear water was decanted and filtered 
through 100 micron filter paper into a second clean 2000 
ml beaker. The pH of this water was 7.5. 

[0026] jo the filtered water was added 21.5 g dry sodium car- 



bonate and 12.5 g dry sodium hydroxide. The water was 
agitated to dissolve the added compounds. A gelatinous 
white precipitate formed, which was permitted to settle 
overnight. This precipitate is believed to consist of mag- 
nesium carbonate, magnesium hydroxide, sodium bicar- 
bonate, and sodium chloride. The clear water was de- 
canted through 100 micron filter paper into a third 2000 
ml beaker. About 85 vol% of the original water was recov- 
ered. The pH of this water was about 10. This pre-treated 
sea water can now be used in a desalination process. The 
following table gives the results of this experiment: 



Ion 


Reporting 

Limit 

(mg/L)* 


Original 

Seawater 

(mg/L) 


Treated 

Seawater 

(mg/L) 


Removed 
(mg/L) 


Added 
(mg/L) 


Wt% 


Calcium 


0.05 


372 


7.65 


364.35 




-97.94 


Magnesium 


0.10 


1030 


1.73 


1028.27 




-99.83 


Potassium 


0.10 


315 


336 




21 


+6.67 


Sodium 


0.10 8410 


23,200 




14,790 


+175.86 


Bicarbonate 


2.00 114 


<2.00 


112 




-98.25 


Carbonate 


2.00 


<2.00 


8440 




8438 


+421,900 


Chloride 


2.00 


14,200 


6200 


8000 




-56.34 


Sulfate 


1.00 


2280 


995 


1285 




-56.36 



[0027] *precision of measurements 

[0028] The table shows that if the chloride ion is used as a mea- 
surement of salinity, the salinity was reduced 56.34% as 



the following calculations show: 



1.80655 x 14,2000 


= 25,654 


100% 


1.80655x6,200 


= 11,201 


43.66% 


Salinity reduction 


14,453 


56.35% 



[0029] The flocculant produced was also analyzed. The following 
tables give the results of that analysis: 



Ion 


Reporting limit 
(mg/Kg) 


Results 
(mg/Kg) 


Calcium 


10 


79,100 


Magnesium 


10 


228,000 


Potassium 


10 


500 


Sodium 


10 


36,000 




Parameter 


Reporting 
limit (mg/Kg) 


Results 
(mg/Kg) 


Chloride 


2.00 


90,000 


Sulfate 


485 


<485 



